Background: Duck viral hepatitis (DVH), caused by duck hepatitis A virus (DHAV), is a fatal contagious infectious
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Comparison of anti-DHAV activity of RRRP, LFP and ARP in vitro and in vivo
The anti-DHAV activity of RRRP, LFP and ARP in vitro 100 μL 50TCID50 DHAV was put in the 96-well plate, then removed after cultivated at 37 ℃ in a 5% humidified CO2 incubator for 2 h. The D-hanks was used to wash the 96-well plate two times. The drug was treated by multiple proportion dilution while the initial concentration was the maximum safe concentration. 100μL liquid was put into every well and every dilution contained 4 repetitions. Meanwhile, virus control (VC) and cell control (CC) groups should be set. The 96-well plate was cultivated at 37℃ in a 5% humidified CO2 incubator for 96 h before the A570 value was detected by MTT method (Emzhik et al., 2015) . At the same time, the virus inhibitory rate (VIR) was according to the formula: VIR= (Ādrug+virus-ĀVC)/ (ĀCC -ĀVC) × 100%. The antiviral effect referred to A570 and VIR while the effective antiviral concentration was the dilution whose A570 value was significantly higher than that of the VC group.
The anti-DHAV activity of RRRP, LFP and ARP in vivo
There were 5 groups, including VC group, blank control (BC) group and other three drug groups (RRRP, LFP and ARP groups). Each group possessed 45 feathers 4-day-old cherry valley ducklings. 180 ducklings were intramuscular injected with 5 LD50 DHAV and randomly divided into 4 groups, including the VC, RRRP, LFP, and ARP groups.
While the residual ducklings served as the BC group (isolated reared) were intramuscular injected with normal saline (NS) with the same volume. Two hours later, the ducklings of in the RRRP, LFP and ARP groups were got 3 mg net drug per duck through drinking water, once a day for consecutive 5 days. However, ducklings in the VC and BC groups were just provided with the normal water at the same time. The feathers of dead ones were recorded. The treatment effect of drugs was valued by mortality rate (Mortality rate=deaths /sample×100%).
The assay for antioxidant capacity of RRRP in vitro and in vivo Dynamic deaths and livers lesion scoring
The methods of animal grouping and treatment were the same as 2.4.2. In brief, 150 4-day-old cherry valley ducklings were randomly divided into 3 groups on average which were the RRRP group, VC group and BC group.
The ducklings of the RRRP and VC groups were intramuscular injected with 5 LD50 DHAV while the ducklings of the BC group were intramuscular injected with NS with the same volume. The ducklings of the RRRP group were got 3 mg net drug per feather through drinking water as above. The ducklings in the BC group were raised separately from the other two groups. The anticoagulated blood was kindly collected at the time of 4th h, 8th h and 54th h with the addition of heparin sodium after inoculation with DHAV. Five ducklings in each group were individually stored for blood sampling at each stage. Observed the clinical symptoms and dynamic deaths every day and recorded the deaths of each group at the periods of 12 h, 24 h, 30 h, 36 h, 48 h, 72 h, 96 h and 120 h. The dead ones were timely dissected and their livers' lesion was scored according to the standard. According to the degree of liver pathological change, the livers scored ranging from 0 to 5. The hepatic lesions were assessed by average liver lesion score {∑ (different scoring × number)/sample number}. When the ducklings stopped dying, the statistics of mortality of each group should be analyzed. In the end, the effect of RRRP anti-DVH was estimated by visual change, mortality and average liver lesion score. Liver lesion scoring criteria (Cardozo et al., 2013) : 0 represented the livers of the ducklings alive; 1 stood for either livers with less than 10 hemorrhages or not more than 1 ecchymosis; 2 conformed to the color of liver was normal on the whole with 10-100 hemorrhages; 3 was that the liver turned red slightly and a third area of liver was became red on the large scale; 5 corresponded to the situation that the liver was covered with diffuse hemorrhages with the liver developing into dark red and there were multiple ecchymoses.
Evaluation indexes of hepatic injury and peroxidative injury in vivo and in vitro Evaluation indexes of hepatic injury in vivo
The serum levels of alanine aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) at 4th, 8th and 54th h were tested by automatic biochemistry analyzer (7180 Automatic Analyzer, HITACHI, Japan) in Nanjing Ao Qing Bio-Tech Co.,Ltd.
Evaluation indexes of peroxidative injury in vivo
After centrifugation of 3500 rpm/min 10 min, the activity of SOD, CAT, GSH-PX, NOS and the level of MDA of plasma were determined under the directions of the Duck SOD ELISA kit, GSH-PX ELISA kit, CAT ELISA kit, MDA ELISA kit and NOS ELISA kit.
Evaluation indexes of peroxidative injury in vitro
The DEHs were set into 3 groups including the VC, CC and RRRP groups when the DEHs became monolayer.
The VC and RRRP groups were added with 400 μL DHAV (5TCID50) while the CC group was only added 400 μL MM.
The 6-well plates were cultivated at 37 ℃ in a 5% humidified CO2 incubator for 2 h. The most effective concentration of RRRP was added into the DEHs in the plate. Each group enjoyed 3 replications. The 6-well plates were cultivated at 37 ℃ in a 5% humidified CO2 incubator for 24 h. The DEHs were twice washed by PBS before they were scraped. 0.6 mL PBS was added to the well to make the cell density up to 3×10 5 
Statistical analysis
The software of SPSS Package v 19.0 was applied to the Statistical analysis. The form of mean±SD was utilized for the data of anti-DHAV activity, evaluation indexes of peroxidative injury and hepatic injury. Duncan's multiple analysis was used for the comparison of the distinction between each group. Mortality was analyzed by chi square test.
Statistical significance was assumed at p< 0.05.
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Results
Comparison of anti-DHAV activity of RRRP, LFP and ARP in vitro and in vivo
The anti-DHAV activity in vitro Table 1 told A570 values and VIR of RRRP, LFP and ARP in vitro on DEHs. As the concentration changed, A570
and VIR also altered. A570 of the RRRP group except for maximum concentration, medial two concentrations of the LFP group, and at the concentration of 156.250 μg·mL -1 of the ARP group were significantly higher than that of the VC group. The homologue topmost VIR of RRRP, LFP and ARP were 32.6%, 61.0% and 35.2%, respectively. Note: Column data without same superscripts are differ significantly (P <0.05).
The anti-DHAV activity in vivo
The mortality rate of the RRRP, LFP, ARP, VC and BC groups were 73.3%, 80.0%, 82.2%, 91.1%, 0%, respectively. The mortality rate of the LFP group, ARP group and VC groups showed no significance while the significance appeared between the RRRP group and the VC group.
Results of peroxidative injury evaluation indexes of RRRP in vitro and in vivo
The effect of RRRP on dynamic deaths and liver lesion scoring of DHAV infected ducklings
The mortality rate of the RRRP, BC, VC groups were 71.4%, 0, and 91.4%, respectively. RRRP group could significantly down-regulate the deaths, resulting from the protection rate of RRRP up to 20.0% compared with that of the VC group.
Dynamic deaths and livers change of the BC, VC and RRRP groups were displayed in the Figure 1 . Note: Row data without same superscripts are differ significantly (P <0.05).
The effect of RRRP on plasma biochemical evaluation indexes of hepatic injury of DHAV infected ducklings
The results of plasma biochemical evaluation indexes of hepatic injury were illustrated in the Table 3 . The ALT level of the three groups had no significant difference at the time of 4th h and 54th h. At the period of 8th h, the ALT level of the VC group was significantly higher than that of other two groups. At the initial period of 4th h and at the later period of 54th h, the VC group got a higher level of AST compared with the RRRP and BC groups. At the mid time of 8th h, the three groups shared no significant difference. Obviously, the levels of ALP of the VC group were higher than other two groups in all time. 
The effect of RRRP on plasma evaluation indexes of oxidative injury of DHAV infected ducklings
Evaluation indexes of plasma oxidative injury were displayed in the Figure 2 . The VC and RRRP groups shared significant difference at all time and in every index while the VC and BC groups also had significant difference in general.
The capacity of GSH-PX of the RRRP group was significantly higher than that of the VC group but the significance level was the same to that of the BC group both at two periods.
At the period of 8th h, SOD levels of the RRRP and BC groups were both significantly higher than that of the VC group but there was no significant difference between the two groups. When it was 54th h, the RRRP group was significantly higher than other two groups while the BC group and the VC group shared no significant difference.
NOS value of the VC group represented a high level compared with other two groups at 8th h (P<0.05). At the time of 54th h, the VC group was discrepantly higher than the BC group while the BC group was discrepantly higher than the RRRP group.
CAT levels of the three groups were separated into two sides. On the one hand, CAT level of the RRRP group was discrepantly higher than that of the VC group both at 8th h and 54th h. On the other hand, the VC group had no discrepantly difference with the BC group at 8th h but the status changed at 54th h.
For MDA, the RRRP and BC groups were higher than the VC group at 8th h with the significance level of p<0.05, while the RRRP group and the BC group were lower than that of the VC group at the time of 54th h with the significance level of p<0.05. 
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The effect of RRRP on evaluation indexes of oxidative damage of DEHs induced by DHAV Figure 3 illustrated the effect of RRRP on evaluation indexes of oxidative damage of DHAV infected DEHs. The activities of GSH-PX, SOD, CAT and TAC of the RRRP group were higher than that those of the VC group with significant difference (p<0.05), while the RRRP group and the CC group shared no significant difference in these indexes except the activity of CAT. As for NOS activity, the VC group was significantly higher than the RRRP and CC groups while the RRRP group and the CC group shared no significant difference. The level of MDA suggested that the VC group was higher than that of the RRRP group and the RRRP group was higher than that of the CC group with significant difference, respectively. The activity of TAC showed that the VC group was significantly lower than that of the RRRP group while the CC group had no significant difference with other two groups (p<0.05). 
The correlation analysis of mortality, evaluation indexes of hepatic injury and peroxidative injury
The Pearson correlation coefficients between evaluation indexes of hepatic injury, mortality and peroxidative injury were listed in the Table 4 . Peroxidative injury evaluation indexes including GSH-PX, SOD, CAT and hepatic injury evaluation indexes including ALT, AST, ALP and mortality shared a positive correlation. Peroxidative injury evaluation indexes including MDA, NOS and hepatic injury evaluation indexes including ALT, AST, ALP and mortality shared a negative correlation. Significant positive correlation was occurred between MDA and AST, ALP. (Table 1) . On the contrast, the outcome of the therapeutic effects against DVH claimed that RRRP acted best. The therapeutic effects of LFP and ARP were slightly better than that of the VC group. Why the results in vitro and in vivo were different? Based on the theory of traditional Chinese medicine, Raw Rehmanniae Radix, Lycii Fructus and Astragalus belong to heat-removing drug, nourishing Yin drug and Qi-reinforcing agent, respectively. As excess-heat syndrome disease in this theory, the way to cure DVH is removing heat to cool blood which leads to the good therapy of RRRP. Chen Yun also found that Bush Sophora Root polysaccharide acts better than ARP to against DHAV . In traditional Chinese medicine theory, Bush Sophora also belongs to heat-removing one. The circumstance of Chen Yun gave another evidence for the theory.
In the view that RRRP was optimal one to against DHAV, we did the further research to investigate the therapeutic effect and the change of peroxidative injury and hepatic injury evaluation indexes during the treatment of DVH in vivo.
RRRP can reduce mortality rate, liver lesion scoring, alleviate visual liver lesion, and decrease the changes of plasma biochemical evaluation indexes of hepatic injury. The fact explains that hepatic injury degree corresponds to the mortality rate and RRPP can effectively release the hepatic injury induced by DHAV.
The mechanism of hepatic injury is related to reactive metabolites formation ( (Zhu et al., 2015) . NOS is divided into 3 types (nNOS, iNOS and eNOS). MDA is a stable end product of peroxidation of membrane lipids by free radicals and it is an indicator of increased lipid peroxidation (Khademi et al.,2014) .
In this paper, the antioxidant capacities of RRRP in vitro and in vivo were conformity in general ( Figure 2 and Figure 3 ). In vivo test, the activities of SOD, GSH-PX, CAT of the RRRP group were significantly higher than those of the VC group in all periods, which indicated good clearance of free radical of RRRP. As for the level of MDA and the activity of NOS, the VC group was significantly higher than that of the RRRP group except MDA for 8th h. The decrease of MDA and NOS levels suggest the good anti-oxidative effect. In vitro test, GSH-PX activity of the RRRP group was significantly higher than that of the VC group, as well as the activity of SOD and CAT. The activity of NOS of the RRRP group was lower than that of the VC group. The evaluation indexes in vitro and in vivo shared the same tendency, which gives evidence that RRRP possesses good antioxidant capacity. The conclusion could be summed up that RRRP maintains excellent hepatoprotective effect and declines the mortality rate through cutting down the oxidative stress.
ALT, AST, and ALP are readily available, inexpensive, and routine biochemical assay used in clinical practice.
Their activities are influenced by various factors, including viral hepatitis, alcohol consumption, and medication . Extremely high value of them reflects disease and inflammation of liver. The values of the RRRP group were lower than that of the VC group in all stages, concluding that RRRP could decline hepatic injury. The results of liver
